Purified preparations of frog virus 3 possess ribonuclease activities directed against singleand double-stranded RNA. Double-stranded RNAs isolated from purified reovirus type 3 and from HeLa cells infected with poliovirus and single-stranded poliovirus RNA from purified virus are readily degraded by incubation with frog virus 3. The mode of action of the nucleases is endonucleolytic. Under the assay conditions used for the viral enzyme, crude extracts of uninfetted HeLa, L, and baby hamster kidney cells did not show enzyme activity against doublestranded RNA but exhibited activity against singlestranded RNA. The dependence of the viral nucleases on divalent cations for optimal activity and the inhibition of the cleavage of single-stranded RNA by 0.2 M NaCI suggests that the enzymes are either virus-coded or virusinduced.
A number of enzymes capable of synthesizing and degrading polynucleotides have been found to be associated with viruses. Polymerases using ribonucleotide triphosphates (1) (2) (3) (4) (5) (6) are most likely to mediate early transcription of viral genomes. There is also substantial evidence that an RNA-dependent DNA polymerase is essential for the replication of oncogenic RNA viruses (7) (8) (9) . Little is known about the function of nucleases associated with animal viruses although there is little doubt that these enzymes are integral components of the mature virus particle. These include the DNases in poxvirus (10) , adenovirus (11) , Rous sarcoma virus (12) , and frog virus 3 (FVl) (Palese, P. & McAuslan, B. R., submitted to J. Virol).
We report here that purified preparations of FV3, a complex, DNA-containing virus that replicates in the cytoplasm of infected cells, contain ribonucleases capable of degrading both double-and single-stranded RNA. An enzyme activity against double-stranded RNA has not been found in any other virus.
MATERIALS AND METHODS
Growth and purification of virus FV3 was grown in baby hamster kidney (13HK) cells and purified by zonal and density gradient centrifugation (13 (14) . The original specific activity was 60,000 cpm/lig RNA. Double-stranded 82P-labeled poliovirus RNA (RF-RNA) (specific activity, 30 ,000 cpm/pAg RNA) was prepared from virus-infected cells, and the purity was established as described (15) . Doublestranded RNA labeled with [8H]uridine (specific activity, 4000 cpm/,ug) extracted from purified reovirus type 3 with phenol was a gift from A. J. Shatkin and A. K. Banerjee. All radioactivity samples were counted in a toluene-based scintillation fluid containing Triton-X-100.
Assay of ribonuclease
The standard assay mixture for ribonuclease activity against double-stranded RNA contained 10 (18) .
Ribonuclease activities against polio RF-RNA and singlestranded RNA were also determined by measurement of the decrease in infectivity with the agar cell-suspension plaque assay in HeLa cells (19) . 2) .
RESULTS

Degradation
We followed the loss of infectivity of poliovirus RF-RNA after incubation with FV3 by measuring the reduction of induced infective centers by agar plate assay. The biological activity of RF-RNA decreases with increasing time of incubation with FV3 in high salt (0.2 M NaC], 1 mM Mg++). Purified preparations of FV3 also possess a ribonuclease activity against single-stranded RNA. As can be seen in Fig.  3 , single-stranded RNA from poliovirus is degraded to a smaller size when incubated with FV3.
The enzyme present in FV3 preparations is active in the pH range 6-9. Addition of magnesium ions to the reaction mixture is not required, but EDTA at 10 mM is inhibitory. Apparently sufficient divalent cations are present in the RNA or virus preparation. In the presence of salt concentrations (0.2 M NaCl, 10 mM MgC12) that are required for maximal enzyme activity against double-stranded RNA, no degradation of single-stranded RNA is observed. Extracts of both uninfected BHK cells and BHK cells infected with FV3 also showed RNase activity against single-stranded RNA (Table  1) . However, purified preparations of poliovirus and reovirus did not show any ribonuclease activity with respect to singleor double-stranded RNA under the assay conditions used with FV3.
Ribonuclease activity of FV3 directed against singlestranded RNA can also be analyzed by reduction in infectivity. The degree of inactivation of viral RNA infectivity by FV3 is dose and time dependent. In confirmation of the results obtained by sucrose gradient analysis, inactivation of single-stranded RNA infectivity by the FV3 enzyme does not require added Mg++, although, as observed by gradient analysis, the inactivation of the infectivity of single-stranded RNA by FV3 in SSC is strongly inhibited ( Table 2 ). In contrast to all other known ribonucleases of animal cells that have been described (20) the FV3 enzyme acting on singlestranded RNA is inhibited by salt and by EDTA suggesting that it is virus-coded or virus-induced.
In an effort to determine whether both RNase activities are internal components of FV3, we treated virus particles with 0.5% NP-40. After 30 min at 370C, the virus was centrifuged at 30,000 X g for 30 min. Supernatant and pellet were tested for RNases directed towards single-and doublestranded RNA. 50%O of both enzyme activities were found in the supernatant fluid suggesting that these enzyme activities are surface constituents and that they are less firmly bound than other viral proteins including an adenosine triphosphate phosphohydrolase that has been-described earlier (21 We cannot determine at present if both RNase activities are due to one or different protein molecules. Both ribonuclease activities of FV3 show comparable activity directed against single-and double-stranded RNA, as determined by the infectivity assay, while bull semen ribonuclease (25) and pancreatic ribonuclease (26) are about 500 and 5000 times, respectively, more active against single-stranded RNA than against double-stranded RNA. The FV3 ribonucleases seem also to be different from ribonuclease H that is specific for RNA-DNA hybrids and that shows no activity with respect to double-stranded RNA (27) . In view of recent findings that double-stranded RNA is present in cells infected by RNA (28) and DNA viruses (29) , as well as in uninfected cells (30) , and that double-stranded RNA is responsible for viral interference (30) we suggest that the FV8 RNase activities play an essential role in frog virus replication and in the metabolism of infected cells.
